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Zonal flow in toroidal plasmas is a band-likc 
structure that has poloidal and toroidal symmctry (m~n~O) 
with a finite radial wavelength (kr). A number of simulation 
works have shown the existence of zonal flow and its 
important role in detennination of the turbulence 
characteristics. On the other hand, only indirect signs of 
zonal flow have been obtained in several experiments. 
In CHS (major radius -I m, averaged minor 
radius -0.2 m), dual HIBP systems have begun to work and 
utilized to identify the zonal flows. The HIBPs are located 
apart from each other approximately by 90 degrees in the 
toroidal direction. Each onc is capable of measuring 
potentials, denoted as <1>" <1>" <1>3. at three adjacent positions 
(-1.5 em apart from each other) in the plasma. The 
potential difference between the neighboring channels, c.g., 
~<I>,~-<I>,+<I>" can rcprcscnt a local electric field. 
The first trials are performed In electron 
cyclotron resonance heatcd (ECRH) plasmas. Thc plasma 
parameters are; magnctie field strength B~0.88T, density 
nc-..5x I 012cm-3, electron temperature Tc-1 keY, ion 
temperature Tr- O.lkeV, ion Larmor radius pi-O.1mm, and 
energy confinement time tE""" 2-3 111S (or characteristic 
frequency of global confincmcnt 'E"/ 21'- 0.1 kHz). 
As is shown in Fig.l, the spectra of electric 
fields are obtained with the Fast Fourier Transfonn (FFT) 
technique applied on the stationary period of - 80 ms for 
the discharge duration of - 100 ms; here the data sampling 
rate of 2 ).Is gives the Nyquist frequency of 250 kHz. The 
spectrum is an average of more than a dozen shots, and the 
result is significantly above the noise level. The electric 
fields between two toroidal location shows a high 
coherence (-0.6) in the region of low frequency (f<1 kHz). 
The phase difference between these two electric fields 
shows no difference if the observation points are on the 
same magnetic flux surface. Accordingly, the electric field 
in this range offrequency is the zonal flow [1]. 
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Figure I: Power spectrum and coherence of electric field 
Ouctuation in CHS. A sharp peak around f~17 kHz is 
supposed to be Geodesic acoustic mode (GAM). 
The radial structure of the zonal electric field (or 
flow) is inferred by the phase difference between electric 
fields in two locations. The FFT analysis of cross-power 
spectrum of dual H1BPs allows us to estimate the phase 
variation. The analysis demonstrates a radial structure 
changing sinusoidally with the wavelength of -1.5 cm, that 
corresponds to -15pi. Our measurements clearly 
demonstrate both a long-range correlation and rapidly 
varying radial structure, which are the conditions for the 
zonal flow to satisfy. 
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Figure I. Phase difference of zonal flow in radial direction. 
The plotted points are the real part of the nonnalized cross 
power spcctrum (ycose) bctwccn elcctric fields from the 
two H1BPs. In the measurements, the observation point of 
an HlBP is radially varied with the other fixed 
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